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OBJECf IVE — We aimed to evaluate a selective screening strategy for gestational diabetes 
mellitus (GDM) based on the presence of risk factors: BMI >25 kg/m 2 , age >35 years, family 
history of diabetes, personal history of GDM, or birth of a child with macrosomia. 

RESEARCH DESIGN AND METHODS— Of 20,630 deliveries between 2002 and 2010, 
we selected 18,775 deliveries in women with no known diabetes and for whom all risk factors 
were known. GDM was universally screened and defined as fasting plasma glucose level S5.3 
mmol/L and/or 2-h postload (75 g) glucose level S7.8 mmol/L. 

RESULTS — The prevalence of at least one risk factor has increased since 2002 (P < 0.001) 
from 51.7 to 61.5%, with no change in the GDM prevalence (mean 14.4%, intention to screen). 
At least one risk factor was present in 58.5% of women who represented 65.3% of all those with 
GDM. The presence of risk factors was significantly associated with GDM (odds ratio 1 .4 [95% CI 
1.3-1.5], P < 0.001) and with GDM-related events (preeclampsia/large for gestational age/ 
dystocia) (P < 0.001) with the following incidences: no GDM/no risk factor 8.8%, no GDM/ 
risk factor 11.1%, GDM/no risk factor 16.7%, and GDM/risk factor 18.2%. 

CONCLUSIONS — The presence of risk factors increased during the last decade. This con- 
dition is predictive of GDM and GDM-related events. However, a selective screening would lead 
to missing one-third of the women with GDM who, even without risk factors, had more events 
than women without GDM. Therefore, these data stand against the present selective screening 
currently proposed in the French guidelines. 



New international diagnostic criteria 
for gestational diabetes mellitus 
(GDM) (1) have been progressively 
adopted worldwide, leading to a dramatic 
increase in GDM prevalence. A universal 
screening has been recommended, but a 
selective screening, based on the presence 
of risk factors, has been used as well (2). 
Using selective screening may lead to 
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missing up to 45% of GDM cases (3). 
On the other hand, selective screening 
could help to concentrate medical resour- 
ces on subjects with the highest risk of 
complications (2), especially those 
with a high BMI (4). This is crucial, as 
the cost-efficacy ratio of GDM screening 
still needs to be evaluated in women with 
no risk factors (5). For example, the 



expert panel for French guidelines stated, 
as a professional agreement, that there was 
no sufficient evidence for recommending 
universal screening (5). Based on the re- 
view of literature on GDM risk factors (6), 
they recommended GDM screening if at 
least one of the following criteria is pres- 
ent: maternal age ^35 years, BMI >25 kg/ 
m 2 , history of diabetes in a first-degree 
relative, personal history of GDM, or birth 
of a child with macrosomia. 

We therefore aimed to retrospectively 
evaluate this recommendation in a large 
cohort of women who had delivered in the 
previous 9 years in the obstetrics depart- 
ment of our university hospital located in 
an eastern suburb of Paris, France. More 
specifically, the aims were to evaluate J) 
the screening value of risk factors for GDM 
and 2) the prognostic value of risk factors 
for GDM-related events. We also took the 
opportunity of this large cohort to look for 
changes in the prevalence of GDM and 
risk factors during the years after 1999. 

RESEARCH DESIGN AND 
METHODS 

Participants and GDM screening 

A total of 20,653 women delivered in our 
hospital between January 2002 and De- 
cember 2010. We did not include the 
women with known diabetes (n = 204) or 
those for whom the status for either one of 
the five risk factors was not known (n = 
1674). Therefore, 18,775 pregnancies were 
analyzed. Data are routinely entered at 
birth for all women giving birth in our uni- 
versity hospital by the midwife assisting 
with the delivery and then checked and 
collected during maternity stay by a single 
midwife (TP.) qualified in data manage- 
ment and storage. The definition of param- 
eters did not change over the 9 years of the 
study. A GDM screening was performed 
early at 15 weeks' gestation only for the 
subjects with a history of GDM or those 
who had two or more of the following cri- 
teria: family history of diabetes; personal 
history of glucose intolerance; pregravid 
BMI >27 kg/m 2 ; age >35 years; history 
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of a previous pregnancy with GDM, pre- 
eclampsia, or malformation; macrosomia 
(birth weight >4 kg) and/or intrauterine 
fetal death; current pregnancy with hyper- 
tension; or estimated fetal weight >90th 
percentile for gestational age on ultrasound 
scan. Unless GDM had been found in early 
pregnancy, GDM screening was performed 
in all women at 24-28 weeks' gestation or 
later if it was not possible during this period. 
In both cases, GDM was diagnosed using a 
one-step screening and diagnostic test, 
with a 75-g oral glucose tolerance test (7), 
and was defined as a fasting plasma glucose 
value &5.3 mmol/L (the fasting plasma glu- 
cose target in the previous French recom- 
mendations) (8) and/or a 2-h blood glucose 
value &7.8 mmol/L (World Health Organi- 
zation criteria) (9). This one -step screening 
was decided to limit the number lost to 
follow-up in our population characterized 
by a widespread geographic origin. Screen- 
ing was precisely prescribed during the hos- 
pital routine follow-up visit and then 
performed out of the hospital. The percent- 
age of women without screening could be 
considered close to 12.5% (2011 data). 

Monitoring and management of the 
women with GDM 

All women with diagnosed GDM were 
referred to a multidisciplinary team in- 
cluding a diabetologist, an obstetrician, 
a midwife, a dietician, and a nurse edu- 
cator. These women received individual- 
ized dietary advice and instructions on 
how to perform self-monitoring of blood 
glucose levels six times a day. The women 
with GDM were seen by the diabetologist 
every 2-4 weeks. They received insulin 
therapy when fasting, and 2-h postpran- 
dial glucose levels were >5.3 and >6.8 
mmol/L, respectively, according to the 
French guidelines (8). Antenatal visits 
were scheduled every 2-4 weeks up until 
34 weeks and weekly thereafter with car- 
diotocogram and amniotic fluid volume 
assessment. Detailed fetal anomaly ultra- 
sound scan including a detailed cardiac 
scan was performed by a referee-accredited 
practitioner; then, growth scans were per- 
formed monthly. The 37-week ultrasound 
scan was used for fetal weight estimation to 
discuss the timing and mode of delivery 
with the patient and obstetric staff. During 
labor and delivery, continuous electronic 
fetal heart rate monitoring was routinely 
used. During the 39th gestational week, la- 
bor induction (using prostaglandin E 2 or 
oxytocin infusion) or caesarean section 
was decided according to obstetric history, 
maternal condition, and estimated fetal 



weight. Elective caesarean section was plan- 
ned if estimated fetal weight was >4,250 g. 

Prognosis 

The main end point was the occurrence 
of a GDM-related event. The definition of 
GDM-related events was based on the 
classical GDM-related maternal (4), fetal, 
and neonatal (10) complications as repor- 
ted in the French guidelines. The com- 
posite criterion includes at least one of 
the following events: 1) preeclampsia 
(blood pressure > 140/90 mmHg on two 
recordings 4 h apart and proteinuria of at 
least 300 mg/24 h or >2+ on dipstick 
testing in a random urine sample, 2) large 
for gestational age (LGA) (birth weight 
>90th percentile for a standard French 
population [1 1]), 3) shoulder dystocia de- 
fined as the use of obstetric maneuvers 
(McRoberts, episiotomy after delivery of 
the fetal head, suprapubic pressure, pos- 
terior arm rotation to an oblique angle, 
rotation of the infant by 180 degrees, 
and delivery of the posterior arm) (12). 

We subsequently considered each of 
the previous events separately, as well as 
events that are classically less often asso- 
ciated with GDM: elective and emergency 
(before or during delivery) caesarean sec- 
tions, LGA-related caesarean section (cae- 
sarean section performed in LGA babies), 
preterm delivery (delivery before 37 com- 
pleted weeks), admission to a neonatal 
intensive care unit, respiratory distress syn- 
drome (based on the clinical course, chest 
X-ray finding, and blood gas and acid-base 
values), and finally, intrauterine fetal or 
neonatal death (in the first 24 h of life). 

Statistical analyses 

Continuous variables were expressed as 
means ± SD and compared by one-way 
ANOVA or Mann- Whitney U test as ap- 
propriate. The significance of differences 
in proportions was tested with the \ 2 
test. Logistic regression was used for the 
analyses of GDM effect, risk factor effect, 
and the analyses of the interaction be- 
tween GDM and risk factor effect on 
GDM-related events and each classical 
event. Statistical analyses were carried 
out using SPSS software (SPSS, Chicago, 
IL). The 0.05 probability level was con- 
sidered for statistical significance. 

RESULTS 

Characteristics of the study 
population 

The subjects were 29.7 ± 5.8 years of age, 
their pregravid BMI was 24.1 ±4.9 kg/m 2 , 



and 2 . 1 % of them reported chronic hyper- 
tension, while 13.7% reported smoking 
before pregnancy. The cohort was multi- 
ethnic, most of the subjects being from 
Europe (29.1%), North Africa (27.8%) 
and sub-Saharian Africa (20.8%), and 
Pakistan, India, and Sri Lanka (5.1%). 
The prevalence of each risk factor is repor- 
ted in Table 1. 

Prevalence of GDM and risk factors 
over 9 years 

GDM was diagnosed in 2,710 (14.4%) 
women with an unchanged prevalence 
since 2002 (Fig. 1). A total of 10,975 
(58.5%) women had at least one risk factor, 
with a significant progression (P < 0.001) 
over time. This increase in risk factor prev- 
alence involved especially overweight, 
which increased from 30.8% in 2002 to 
37.6% in 2010 (P < 0.0001) (Fig. 1). Dur- 
ing this period of time, there was no obvi- 
ous change in the population served by our 
hospital, particularly with regard to eth- 
nicity, age, and parity. 

Diagnostic value of GDM risk factors 

Table 1 shows that the presence of at least 
one risk factor (odds ratio 1.4 [95% CI 
1.3-1.5]) and the presence of either one 
of the risk factors were significantly asso- 
ciated with a higher rate of GDM. The 
results were similar over years (data not 
shown). The performances of the pres- 
ence of at least one risk factor were as 
follows: sensitivity 65.3%, specificity 
42.7%, and positive and negative predic- 
tive values 16.1 and 87.9%, respectively. 
The higher the number of risk factors, the 
higher the prevalence of GDM (Fig. 2). 
Furthermore, compared with Caucasian 
origin, North African ethnicity (1.5 
[1.4-1.7]) and Pakistan, India, and Sri 
Lanka origins (2.9 [2.5-3.4]) were asso- 
ciated with a higher GDM prevalence. 

Prognostic value of risk factors for 
GDM-related complications 

The women with GDM (GDM effect, P < 
0.0001) and those with at least one risk 
factor (risk factor effect, P < 0.001) had a 
higher rate of hospitalization before deliv- 
ery, with no interaction between GDM 
and risk factor: no GDM/no risk factors, 
24.9% of hospitalization; no GDM/risk fac- 
tor, 26.8%; GDM/no risk factors, 32.4%; 
and GDM/risk factor, 34.0%. Weight gain 
was lower (P < 0.05) in women with GDM 
(no risk factors 8.5 ± 5.5; risk factor 8.5 ± 

5.5 kg) than in those without GDM (9.0 ± 

5.6 kg whatever the risk factor status). In 
women with GDM, insulin therapy was 
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Table 1 — Presence of risk factors in the total cohort and in women with or without GDM 



Total cohort Women with GDM Women without GDM OR (95%CI) P 



N 


18,775 


2,710 


16,065 






At least one risk factor (%) 


10,975 (58.5) 


1,770 (65.3) 


9,205 (57.3) 


1.4 (1.3-1.5) 


<0.0001 


BMI >25 kg/m 2 


6,461 (34.4) 


984 (36.3) 


5,477 (34.1) 


1.1 (1.0-1.2) 


<0.05 


Age &35 years 


3,688 (19.6) 


578 (21.3) 


3,110 (19.4) 


1.1 (1.0-1.2) 


<0.05 


Family history of diabetes 


3,831 (20.4) 


641 (23.7) 


3,190 (19.9) 


1.3 (1.1-1.4) 


<0.0001 


Previous pregnancy with GDM* 


697 (6.1) 


329 (18.1) 


368 (3.9) 


5.5 (4.7-6.4) 


<0.0001 


Previous pregnancy with macrosomia* 


537 (4.7) 


113 (6.2) 


424 (4.4) 


1.4 (1.1-1.8) 


<0.001 



Data are n (%) unless otherwise indicated. *Data are given for the multiparous women only. 



initiated in 9.7% of those without risk fac- 
tors and in 1 2 . 1 % o f those with risk factors 
(P = 0.056). 

Table 2 shows that GDM was associ- 
ated with the occurrence of GDM-related 
events (preeclampsia, LGA, and shoulder 
dystocia) and also with the occurrence of 
preeclampsia, LGA, dystocia, caesarean 
section, and LGA-related caesarean sec- 
tion taken separately. The presence of at 
least one risk factor was independently as- 
sociated with the occurrence of a GDM- 
related event, of LGA, and of LGA-related 
caesarean section. There was no interac- 
tion between GDM effect and risk factor 
effect. The higher the number of risk fac- 
tors, the higher the incidence of GDM- 
related events (Fig. 2). 

CONCLUSIONS— We show in the 
current study that a GDM screening 
strategy based on risk factors was able to 
select both the subjects with a higher risk 
of GDM and those who experienced more 
GDM-related events, with no interaction 



between GDM effect and risk factor effect. 
However, from a clinical perspective, these 
diagnostic and prognostic factors are not 
appropriate, since 34.7% of the women 
without risk factors actually had GDM and 
since those women with GDM but no risk 
factors, although treated, experienced 
more GDM-related events than women 
without GDM. They would probably have 
experienced even more complications 
had they been undiagnosed and thus 
untreated. 

Considering that the new diagnostic 
criteria (13) were not yet used in 2002- 
2010, we report here a high prevalence of 
GDM. This is probably due not only to the 
diagnostic criteria we used but also to the 
characteristics of our population: multi- 
ethnic, with a low socioeconomic status 
(7). Trends in GDM prevalence over the 
last years had never been explored in 
Europe before the new diagnostic criteria. 
A recent extensive review of the literature 
showed an increase in the prevalence of 
GDM in North America, which was often 



less marked in Caucasians (6). Here we 
show a stability in GDM prevalence, pos- 
sibly because of our diagnostic criteria. 
The stability in GDM prevalence was non- 
concordant with the increase of risk factors 
in our series. This increase was essentially a 
result of the progression of overweight, in 
line with the increase of overweight and 
obesity in women of reproductive age in 
France (14). 

We confirmed that age is a traditional 
risk factor for GDM (6). We previously 
reported that women >35 years old com- 
pared with those <25 years old had a 
twofold increased risk of GDM (15). Age 
is classically used in risk scores for GDM 
(16-19). It is considered that nearly half 
the cases of GDM might be a consequence 
of overweight or obesity (20). A recent 
meta-analysis has shown that in a com- 
parison with subjects with a normal 
BMI, the pooled and adjusted odds ratios 
of GDM were 1.8 for overweight, 3.2 for 
obesity grade 1 , and 4.7 for obesity grades 
2 and 3 (21). For each increasing 
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Figure 1 — Prevalence over the years of GDM, overweight, and the presence of at least one risk factor according to French guidelines. NS, non- 
significant. 
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Figure 2 — Prevalence of GDM and GDM-related events according to the number of risk 
factors. 



kilogram per meter squared of BMI, the 
prevalence of GDM rose by 0.92% (21). 
In the current study, the odds ratios for 
age and BMI criteria were lower, as in a 
recent study (19). This might result from 
other factors such as the vulnerability or 
ethnicity, which were considered con- 
founders in the French guidelines, 
whereas they might have been crucial in 
our current population. In particular, we 
show in the current study that North 
Africa and Pakistan, India, and Sri Lanka 



origins are predictive of GDM, although 
they are not taken into account in the 
French recommendations for a selective 
screening. Thresholds for age and BMI 
might be lowered. For example, Ogonow- 
ski et al. (19) reported that the best cutoff 
values were 28 years for age and 23 kg/m 2 
for BMI. Finally, the GDM diagnostic cri- 
teria in our series differed from those of 
the other studies, as we used low thresh- 
olds for plasma glucose values. The influ- 
ence of age and BMI might be more 



important when glucose thresholds are 
higher. Family history of diabetes has 
been reported to multiply by 1.6-3.0 
the risk of developing GDM (6,22). In 
our study population, the odds ratio re- 
lated to family history of diabetes was 
lower (1.3 [95% CI 1.1-1.4]), which 
could be due to some missing reports of 
family history of diabetes, since many 
women did not speak French and some 
others did not know the medical history 
of their family living abroad. Personal his- 
tories of GDM and of a child with macro- 
somia were associated with GDM with the 
highest odds ratio (5.9 [5.0-6.9] (P < 
0.0001). GDM is well-known to be recur- 
rent in 30-84% of cases (18,19,22-24). 
History of macrosomia in a previous preg- 
nancy was associated with a 1.6- to 6.2- 
fold increase of GDM (17,19). 

Overall, we showed that the risk 
factors proposed in the French guidelines 
significantly predicted GDM, although 
the clinical relevance appears to be low, 
since 34.7% of the women with GDM 
would have been missed without univer- 
sal screening, in line with previous re- 
ports (2). Of note, Jensen et al. (22) had 
reported excellent screening performan- 
ces of criteria very close to ours. However, 
the prevalence of GDM was very low and 
extrapolated in their study. Finally, and as 
shown in Fig. 2, the prevalence of GDM 
was particularly high when the number of 
risk factors was greater than three. 



Table 2 — Outcomes according to the presence or absence of GDM and/or at least one risk factor 



No GDM GDM 





Total cohort 


No risk 
factors 


Risk factor 


No risk 
factors 


Risk 
factor 


Overall 
effect P 


GDM 
effect P 


Risk factor 
effect P 


Interaction 
P 


N 


18,775 


6,860 


9,205 


940 


1,770 










GDM-related 
events 


2,107 (11.2) 


604 (8.8) 


1,023 (11.1) 


157 (16.7) 


323 (18.2) 


<0.0001 


<0.0001 


<0.0001 


NS 


Preeclampsia 


416 (2.2) 


133 (1.9) 


198 (2.2) 


30 (3.2) 


55 (3.1) 


<0.05 


<0.05 


NS 


NS 


LGA 


1,544 (8.2) 


412 (6.0) 


754 (8.2) 


115 (12.2) 


263 (14.9) 


<0.0001 


<0.0001 


<0.0001 


NS 


Dystocia 


278 (1.5) 


91 (1.3) 


134 (1.5) 


23 (2.4) 


30 (1.7) 


0.052 


<0.01 


NS 


NS 


Caesarean section 


4,001 (21.3) 


1,353 (19.7) 


1,900 (20.6) 


263 (28.0) 


485 (27.4) 


<0.0001 


<0.0001 


NS 


NS 


LGA-related 
caesarean 
section 


480 (2.6) 


114 (1.7) 


206 (2.2) 


53 (5.6) 


107 (6.0) 


<0.0001 


<0.0001 


<0.01 


NS 


Preterm delivery 


1,526 (8.1) 


567 (8.3) 


734 (8.0) 


85 (9.0) 


140 (7.9) 


NS 








Offspring 

hospitalization 


2,013 (10.7) 


721 (10.5) 


987 (10.7) 


108 (11.5) 


197 (11.1) 


NS 








Respiratory distress 
syndrome 


741 (3.9) 


249 (3.6) 


363 (3.9) 


45 (4.8) 


84 (4.7) 


0.09 








Intrauterine fetal or 
neonatal death 


101 (1.1) 


82 (1.2) 


103 (1.1) 


7 (0.7) 


9 (0.5) 


0.06 









Data are n (%) unless otherwise indicated 
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Therefore, three or more risk factors 
would be very specific for GDM screen- 
ing, although this condition concerned 
only 3% of the cohort. It was hypothe- 
sized that women with GDM but no risk 
factors would have a good prognosis and 
therefore that missing their diagnosis 
would be of little consequence. For exam- 
ple, in women with GDM and BMI <25 
kg/m 2 , the incidences of macrosomia and 
shoulder dystocia were reported to be 
similar regardless of whether GDM was 
known and treated (25). Conflicting 
data about the prognosis of GDM detec- 
ted by selective or universal GDM screen- 
ing were also reported, with no (26) or 
beneficial (7) effects of universal screen- 
ing in retrospective studies. Finally, a pro- 
spective study showed a better prognosis 
associated with universal than with selec- 
tive screening, but an earlier screening in 
the universal strategy was confounding 
(27). In all of these studies, the diagnostic 
and selective criteria differed. Here, GDM 
and risk factors were independently asso- 
ciated with a higher incidence of overall 
GDM-related events (preeclampsia, LGA, 
and shoulder dystocia) and of LGA and 
LGA-related caesarean section considered 
separately. In the Hyperglycemia and Ad- 
verse Pregnancy Outcome (HAPO) study, 
higher BMI was associated with more pre- 
eclampsia, macrosomia, caesarean section, 
and shoulder dystocia (28). However, 
there was in our series no interaction be- 
tween GDM effect and risk factor effect. 
Furthermore, from a clinical perspective, 
women with GDM but no risk factors, al- 
though treated, had more GDM-related 
events than those without GDM, which 
argues for universal screening. Finally, 
the number of risk factors seems impor- 
tant to consider, as the incidence of GDM- 
related events is very high when at or 
above four. However, this is restricted to 
multiparous women, as two risk factors 
(macrosomia and GDM) depend on a pre- 
vious pregnancy. 

Our study has some limitations. The 
public hospital recruitment probably 
included a higher proportion of women 
living with vulnerable conditions and was 
multiethnic, precluding a generalization 
of our results. This could also have im- 
pacted our results, as some women could 
not speak French and therefore may have 
wrongly declared their personal and fam- 
ily medical histories. However, this could 
also explain some missing reports of 
family history of diabetes and further 
argue in favor of universal screening. 
Although the screening policy was locally 



universal, some women were not screened. 
Therefore, we considered the presence of 
GDM in the intention-to-screen popula- 
tion. The proportion of unscreened 
women, however, was 12.5% in 2011 
and was likely to be similar over the last 
decade. Considering the prognosis issues, 
this study was of course not randomized, 
since all women with diagnosed GDM 
were treated. Furthermore, GDM-related 
events could not be weighed according to 
the glycemic profile of the women during 
pregnancy. Finally, the results should be 
confirmed with the new diagnostic criteria 
of GDM and in other hospitals, as this 
retrospective study was monocentric. 

To conclude, the selective screening of 
GDM is appealing, as it reduces the bur- 
den of unnecessary screening tests if this 
screening selects the women who have the 
highest risk of GDM-related complica- 
tions. We showed, however, that in our 
population, such a strategy would lead to 
missing approximately one-third of the 
women with GDM. Furthermore, despite 
appropriate treatment, women with GDM 
had a worse prognosis than women with- 
out GDM, even if they were free of risk 
factors. Therefore, universal screening ap- 
pears to be beneficial, at least compared 
with the selective screening proposed in 
the French guidelines. 
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